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(54) Ophthalmic surgery apparatus 

(57) An ophthalmic surgery apparatus by which 
treatment laser beam is irradiated onto a desired portion 
of a patient's eye and for treatment of the portion, the 
apparatus includes: a laser irradiating unit having a laser 
beam source which emits the treatment laser beam, and 
an irradiating optical system which optically guides the 
treatment laser beam emitted from the laser beam 



source onto the portion; an ocular movement detecting 
unit which detects a potential difference between a cor- 
nea and a retina, and detects an ocular movement of 
the patient's eye based on the detected potential differ- 
ence; and an irradiation controlling unit which controls 
the irradiating unit based on a result of detection by the 
detecting unit. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to an ophthalmic $ 
surgery apparatus for performing treatment by irradiat- 
ing a treatment laser beam to a subject's eye, and more 
particularly to a mechanism for aligning the irradiation 
optical axis of a laser irradiating optical system for ap- 
plying a treatment laser beam, with a patient s eye, and io 
also to a laser irradiation controlling mechanism asso- 
ciated with the alignment. 

[0002] As an ophthalmic surgery apparatus for per- 
forming treatment by irradiating a laser beam for treat- 
ment to a patient's eye, a corneal surgery apparatus us- is 
ing an excimer laser beam, for example, is known. This 
apparatus is used for refractive correction by changing 
the curvature of the cornea with an excimer laser beam 
irradiated to the corneal surface. 

[0003] I n this apparatus, the patient is caused to gaze 20 
at a fixation target to fix the position of the patient's eye- 
ball, and the irradiation optical axis of the laser irradiat- 
ing optical system and the patient's eye are brought into 
alignment in a desired state by using an alignment target 
or the like. After completion of the alignment, a part of 25 
the cornea is ablated at a set amount within an intended 
area. 

[0004] As disclosed in USP 6,159,202, a corneal sur- 
gery apparatus (ophthalmic surgery apparatus) having 
an automatic tracking mechanism has also been pro- 30 
posed. This apparatus has a function of moving the ir- 
radiation optical axis of the laser irradiating optical sys- 
tem to follow (track) the movement of the patient's eye- 
ball. This apparatus makes it possible to prevent the cor- 
nea from being ablated in an unplanned shape as the 35 
operator continues the laser irradiation without becom- 
ing aware of the movement of the patient's eyeball dur- 
ing the laser irradiation. With this tracking mechanism, 
an image of an anterior portion of the patient's eye is 
constantly obtained by a CCD camera or the like during 40 
the laser irradiation. Then, if it is detected on the basis 
of the obtained image that the detected position of the 
pupillary center is moved out of a predetermined first 
allowable range from a reference position, such as irra- 
diation optical axis, (e.g., out of a range of 0.005 mm in 45 
radius from the reference position), the irradiation opti- 
cal axis is subjected to tracking so that the position of 
the pupillary center and the reference position will be 
aligned with each other on the basis of the obtained im- 
age. In addition, the laser irradiation is discontinued if so 
the position of the pupillary center is moved out of a pre- 
determined second allowable range, such as the imag- 
ing range of the camera, the movable range of the irra- 
diation optical axis, and a range offset largely from the 
reference position (e.g, a range of 1 mm in radius from 55 
the reference position). 

[0005] However, the processing speed associated 
with image capture by the camera and image process 



2 

is tow as compared to the speed of the eyeball move- 
ment. For this reason, the automatic tracking in the re- 
lated art has a slight time lag until the irradiation optical 
axis is subjected to tracking or the laser irradiation is 
discontinued after the patient's eye is moved. Particu- 
larly, in a case where the laser irradiation is discontin- 
ued, an unexpected portion may be ablated during the 
time lag until the discontinuance. 

SUMMARY OF THE INVENTION 

[0006] In view of the above-described problems of the 
related art, an object of the invention is to provide an 
ophthalmic su rgery apparatus capable of performing ac- 
curate treatment by ensuring appropriate alignment be- 
tween the irradiation optical axis of the laser irradiating 
optical system and the patients eye. 

(1 ) An ophthalmic su rgery apparatus by wh ich treat- 
ment laser beam is irradiated onto a desired portion 
of a patient's eye and for treatment of the portion, 
the apparatus comprising: 

laser irradiating means having a laser beam 
source for emitting the treatment laser beam, 
and an irradiating optical system for optically 
guiding the treatment laser beam emitted from 
the laser beam source onto the portion; 
ocular movement detecting means for detect- 
ing a potential difference between a cornea and 
a retina, and detecting an ocular movement of 
the patient's eye based on the detected poten- 
tial difference; and 

irradiation controlling means for controlling the 
irradiating means based on a result of detection 
by the detecting means. 

(2) The apparatus of (1), wherein the detecting 
means includes a plurality of electrodes to be at- 
tached to a periphery around the patient's eye. 

(3) The apparatus of (2), wherein the electrodes in- 
cludes a pair of electrodes to be attached to the pe- 
riphery around the patient's eye and located in at 
least one of vertical and horizontal directions. 

(4) The apparatus of (1 ), wherein irradiation control- 
ling means controls the irradiating means so that 
the laser irradiation is discontinued if the detecting 
means detects a potential difference not smaller 
than or not larger than a predetermined threshold 
value. 

(5) The apparatus of (1), further comprising: 

setting means for variably setting the thresh- 
old value based on inputted data of the patient's 
eye. 

(6) The apparatus of (1), further comprising: 

moving means for relatively moving an irradia- 
tion optical axis of the irradiating optical system 
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with respect to the patient's eye; and 
movement controlling means for controlling the 
moving means based on a result of detection 
by the detecting means. 

(7) The apparatus of (6), further comprising: 

signal generating means for generating a track- 
ing signal for tracking the movement of the pa- 
tient's eye if the detection means detects a po- 
tential difference not smaller than or not larger 
than a predetermined threshold value, and 
wherein the movement controlling means con- 
trols the moving means based on the tracking 
signal. 

(8) The apparatus of (1), wherein: 

the apparatus includes a corneal surgery appa- 
ratus; and 

the laser beam source emits excimer laser 
beam as the treatment laser. 

(9) An ophthalmic surgery apparatus by which treat- 
ment laser beam is irradiated onto a desired portion 
of a patient's eye and for treatment of the portion, 
the apparatus comprising: 

laser irradiating means having a laser beam 
source for emitting the treatment laser beam, 
and an irradiating optical system for optically 
guiding the treatment laser beam emitted from 
the laser beam source onto the portion; 
ocular movement detecting means for detect- 
ing a potential difference between a cornea and 
a retina, and detecting an ocular movement of 
the patient's eye based on the detected poten- 
tial difference; 

moving means for relatively moving an irradia- 
tion optical axis of the irradiating optical system 
with respect to the patient's eye; and 
movement controlling means for controlling the 
moving means based on a result of detection 
by the detecting means. 

(10) The apparatus of (9), further comprising: 

signal generating means for generating a track- 
ing signal for tracking the movement of the pa- 
tient's eye if the detection means detects a po- 
tential difference not smaller than or not larger 
than a predetermined threshold value, and 
wherein the movement controlling means con- 
trols the moving means based on the tracking 
signal. 

[0007] The present disclosure relates to the subject 
matter contained in Japanese patent application No. 



2000-9841 1 (filed on March 31 , 2000), which is express- 
ly incorporated herein by reference in its entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

[0008] 

Fig. 1 is an overall schematic diagram of a corneal 
surgery apparatus in accordance with an embodi- 
10 ment of the invention; 

Fig. 2 is a diagram illustrating moving mechanisms 
for moving an ami portion and an arm distal end 
portion of the apparatus; 

Fig. 3 is a schematic diagram of an optical system 
15 and a control system of the apparatus; 

Fig. 4 is a schematic diagram of an ocular-move- 
ment detecting system of the apparatus; 
Fig. 5 is a diagram illustrating an example in which 
an image centering on the irradiation optical axis is 
20 divided into 16 areas; 

Fig. 6 is a diagram illustrating an image of the an- 
terior portion of the patient's eye picked up by a 
CCD camera; 

Fig. 7 is a diagram illustrating the distribution of the 
25 quantity of light on a line A - A' in Fig. 6; 

Fig. 8 is a diagram illustrating a method of detecting 
the ocular movement; and 
Fig. 9 is a flowchart explaining the operation of au- 
tomatic alignment and automatic tracking. 

30 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0009] Referring now to the drawings, a description 
will be given of an embodiment of the invention. 

35 

[Overall Construction] 

[001 0] Fig. 1 is an overall schematic diagram of a cor- 
neal surgery apparatus for performing corneal surgery 
40 using an excimer laser beam. Reference numeral 1 de- 
notes a main body of the apparatus, in which an excimer 
laser light source and the like are incorporated. Numeral 
2 denotes an arm portion for guiding an excimer laser 
beam from the main body 1 to an ami distal end portion 
45 5 having a laser irradiating port. The distal end portion 
5 is further provided with an observing optical system 
including a binocular microscope unit 3 and an illumi- 
nating unit 4, an eyeball-position detecting optical sys- 
tem (which systems will be described later in detail), and 
so the like. The arm portion 2 is moved in an X-direction (in 
a left-and-right direction with respect to the operator) by 
an X-direction arm driving device 31 , and is moved in a 
Y-direction (in a back-and-forth direction with respect to 
the operator) by a Y-direction arm driving device 32. Fur- 
55 ther, the distal end portion 5 is moved in a Z-direction 
by a Z-direction ami driving device 33. Each of the ami 
driving devices has a known arrangement including a 
motor, a slide mechanism, and the like (see Fig. 2). 
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[0011] Reference numeral 6 denotes a controller, 
which has a joystick 7 for imparting signals for driving 
the arm portion 2 in the X- and Y-directions, various op- 
erating switches, and the like. Various signals from the 
controller 6 are sent to an arithmetic control unit 30 
which will be described later. Numeral 8 denotes a foot 
switch for sending a trigger signal for instructing laser 
emission to the arithmetic control unit 30. Numeral 9 de- 
notes a computer for effecting the input of various data 
on necessary surgical conditions, calculation of surgical 
data (laser irradiation data) , display, storage, and the 
like, and is comprised of a main unit 90, a monitor 91 , a 
keyboard 92, a mouse 93, and the like. Numeral 10 de- 
notes a bed for the patient to lie. 
[0012] Reference numeral 50 denotes a connectorfor 
connecting cords of electrodes attached to the periphery 
of the patient's eye, and in this embodiment four con- 
nectors are provided (a detailed description thereof will 
be given later). 

[Construction of Various Units] 

[0013] Fig. 3 is a schematic diagram of the optical sys- 
tem and the control system of this apparatus. 

<Laser Irradiating Optical System> 

[0014] Reference numeral 11 denotes a laser light 
source for emitting an excimer laser beam (hereafter 
simply referred to as the laser beam) with the wave- 
length of 1 93 nm. The laser beam emitted from the laser 
light source 11 and having a rectangular cross section 
is reflected by plane mirrors 12 and 13. The mirror 13 is 
moved in parallel by a moving device 35, whereby the 
laser beam is moved to cover the entire region of the 
opening of an aperture 15. Numeral 14 denotes an im- 
age rotator, which is rotated by a rotating device 36 to 
rotate the laser beam reflected by the mirror 13 about 
the irradiation optical axis L1. Numeral 15 denotes the 
aperture for limiting the irradiating region of the laser 
beam, and its aperture diameter is changed by a varying 
device 37. Numeral 1 6 denotes a projecting lens for pro- 
jecting the image of the aperture 1 5 onto the cornea Ec 
of the patient's eye E. The aperture 15 is located at a 
conjugated position of the cornea Ec with respect to the 
lens 1 6, so that a region to be ablated is limited as the 
region defined by the aperture 15 is projected onto the 
cornea Ec. It should be noted that since such an optical 
system is described in USP 5, 507, 799, USP 5, 637,1 09 
and the like, reference should be made to them. 
[001 5] Reference numeral 1 7 denotes a dichroic mir- 
ror which has the characteristic of reflecting the excimer 
laser beam, and transmitting the visible light and the in- 
frared light, and by which the irradiation optical axis L1 
of the laser irradiating optical system is made coincident 
with the detection optical axis L2 of an objective lens 18 
of the observing optical system and the eyeball-position 
detecting optical system which will be described later. 



<Observing Optical System> 

[0016] Reference numeral 18 denotes the objective 
lens, and numeral 1 9 denotes a dichroic mirror having 

5 the characteristic of transmitting the visible light and re- 
flecting the infrared light. The bundle of rays of an image 
of an anterior portion of the eye E illuminated by the vis- 
ible illuminating light from the illuminating unit 4 is made 
incident on the microscope unit 3 through the dichroic 

10 mirror 1 7, the lens 1 8, and the dichroic mirror 1 9. Con- 
sequently, the operator is able to observe the eye E 
through the binocular microscope unit 3. It should be 
noted that an unillustrated reticle plate is inserted in the 
observing optical system, which can be used as a ref- 

15 erence for alignment of the eye E in the X- and Y-axis 
directions. 

[0017] A target project! n g optical system (refer to U S P 
5, 562, 656) comprising two slits is disposed in the ob- 
serving optical system so as to effect alignment in the 
20 z-axis direction. Numeral 20 denotes a fixation lamp 
placed on the detection optical axis L2. 

<Eyeball-Position Detecting Optical System> 

25 [0018] Reference numeral 21 denotes an infrared il- 
luminating light source such as an LED, and four infra- 
red illuminating light sources 21 are arranged at 90-de- 
gree intervals with the irradiation optical axis L1 (the de- 
tection optical axis L2) as the center. Numeral 22 de- 
30 notes an imaging lens; 23, a reflecting mirror; 24, an in- 
frared transmitting filter; and 25, a CCD camera for in- 
frared light. 

[0019] The bundle of rays of an image of an anterior 
portion of the eye E illuminated by the infrared illuminat- 
es ing light is passed through the dichroic mirror 1 7 and the 
lens 18 and reflected by the dichroic mirror 19. Subse- 
quently, the image is formed on the imaging plane of the 
camera 25 by the lens 22 through the mirror 23 and the 
filter 24. At this time, the filter 24 cuts off the visible light 
40 which is slightly reflected by the dichroic mirror 1 9. 

<Control System> 

[0020] Reference numeral 30 denotes the arithmetic 
45 control unit for controlling the drive of the laser light 
source 1 1 , the moving device 35, the rotating device 36, 
the varying device 37, a shutter device 38 to be de- 
scribed later, the arm driving devices 31, 32, and 33, 
and the like. 

50 

<Ocular-Movement Detecting System> 

[0021] Fig. 4 is a schematic diagram of the ocular- 
movement detecting system of this apparatus. In an or- 
55 ganism, very weak electricity is generated in any part of 
its body. This is applied also to the eyeball, and the cor- 
nea side has plus (+) potential, while the retina side has 
negative (-) potential (this is called the resting potential 
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of the eyeball) as if a small battery is disposed within 
the eyeball. When the eyeball moves (rotates), achange 
of voltage distribution occurs in the surrounding electric 
field due to this resting potential, and if this change is 
grasped using electrodes, the ocular movement can be 
detected as an electrical change (this is called the elec- 
tro-oculography). Accordingly, in this apparatus, the 
alignment between the irradiation optical axis L1 and the 
position of the eye E and the control of laser irradiation 
linking with the alignment are effected on the basis of 
the electrical change caused due to the ocular move- 
ment. 

[0022] Reference numerals 55a to 55d denote elec- 
trodes, which are attached to the periphery of the eye E 
using electrode glue or vinyl tape. The electrodes are 
attached at locations on the orbital margin (orbital rim) 
and on horizontal and vertical lines which are passed 
through the pupil of the eye viewing forwardly. It should 
be noted that there are various types of the electrodes, 
but in this embodiment silver-tray electrodes for electro- 
encephalogram are used. 

[0023] Reference numerals 57a and 57b denote 
measuring devices. The electrodes 55a and 55b for ob- 
taining the horizontal movement of the eyeball are con- 
nected to the measuring device 57a via respective cords 
56a and 56b and connectors 50, so that the measuring 
device 57a measures the change in eye position in the 
horizontal direction as a potential difference. The elec- 
trodes 55c and 55d for obtaining the vertical movement 
of the eyeball are connected to the measuring device 
57b via respective cords 56c and 56d and connectors 
50, so that the measuring device 57b measures the 
change in eye position in the vertical direction as a po- 
tential difference. It should be noted that the measuring 
devices 57a and 57b are each provided with a high-cut 
filter for fetching only the desired electric activity (ex- 
cluding an elect romyogram and the like ascribable to the 
orbicularis oculi muscle of the eye and the like), an am- 
plifier for amplifying the very weak electric potential 
(about 1 mV or thereabouts, and approximately equiv- 
alent to that of an electrocardiogram) accompanying the 
ocular movement, a calibrator, a processing circuit to be 
described later, and so on. 

[Detection of the Position of the Eyeball] 

[0024] Next, a description will be given of a method of 
detecting the position of the eyeball using the camera 
25. It should be noted that, in this embodiment, since an 
object with which the irradiation optical axis L1 is aligned 
is set as the position of the pupillary center, a description 
will be given of the detection of the position of the pupil- 
lary center. Fig. 5 is a diagram illustrating an example 
in which an obtained image centering on the irradiation 
optical axis L1 (the detection optical axis L2) is divided 
into 16 areas. Fig. 6 is a diagram illustrating an image 
of an anterior portion of the eye E, obtained by the cam- 
era 25. Fig. 7 is a diagram illustrating the distribution of 



the quantity of light on a line A - A 1 obtained from imaging 
signals from the camera 25. 

[0025] First, information on the relative density of re- 
flected light from the anterior portion as a consequence 

5 of illumination of the infrared light from the light source 
21 is detected. In this detection, as shown in Fig. 5, a 
two-dimensional image obtained by the camera 25 is 
processed such that an image centering on the irradia- 
tion optical axis L1 (the detection optical axis L2) is di- 

10 vided into 4x4, i.e. 16, areas (S1 to S16). Of pixels (125 
pixels x 125 pixels) in each area, a predetermined 
number of pixels (e.g., 64 pixels) subject to the detection 
of the relative density are preliminarily set in terms of 
pixel position so that the pixels to be detected are dis- 

'5 tributed uniformly within the area (all the pixels may be 
set as the object to be detected, but if a limited number 
of pixels necessary for detection are set as the object to 
be detected, the processing speed can be increased). 
Image signals from the camera 25, after being digitally 

20 converted by a processing circuit 41 , are subjected to 
predetermined processing and are inputted to the arith- 
metic control unit 30. The arithmetic control unit 30 ob- 
tains degrees of relative density of each of the pixel sets 
preliminarily for the respective areas on the basis of the 

25 inputted signals. Since the degree of the relative density 
for eachpixel has been digitized, it is possible to obtain 
values of relative density numerically expressed in, for 
example, 256 steps including 0 to 255 steps (the 0 side 
is the darkest, and the 255 side is the brightest). 

30 [0026] Next, on the basis of the information on relative 
density values of the pixels set preliminarily for the re- 
spective areas, the arithmetic control unit 30 fetches rel- 
ative density information of a predetermined range (e. 
g., 20 steps) using the step of the lowest (the densest) 

35 relative density value in the area as a reference. Then, 
the number of pixels whose density values fall within the 
predetermined range is counted for each area, and a 
determination is made as to whether or not the counted 
number of pixels satisfies a predetermined number (e. 

40 g., 20). If the counted number satisfies the predeter- 
mined number (20), a determination is made that the 
pupil (or the iris around the pupil) is located within the 
area. If the counted number does not satisfy the prede- 
termined number (20), a determination is made that the 

45 pupil is located partially within the area or that portions 
having low relative density values, such as eyelashes, 
are located in the area, and it is therefore determined 
that the pupil is not detected. 

[0027] If there are a plurality of areas which satisfy the 
50 predetermined number (20), and if there are areas 
which are not adjacent to each other, a comparison is 
made in the counted number of the pixels between the 
area having the largest number and the area which is 
not adjacent thereto, and a determination is made as to 
55 whether or not there is a predetermined number of dis- 
crepancy (e.g., 10). This is because even if the eyelash- 
es or the like are located at a position distant from the 
pupil, if there is a discrepancy in the counted number of 
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pixels, a determination is made that the pupil is located 
in the area having the larger number, thereby discrimi- 
nating that area from that of the eyelashes or the like. If 
there is no discrepancy of a predetermined number (10), 
it is determined that the pupil is not detected. If there is 
a discrepancy of the predetermined number (10), it is 
specified that the pupil is located in the area having the 
largest count of pixels. Then, a determination is made 
as to whether or not the numbers of pixels counted in 
the four areas, S6, S7, S10, and S11 , centering on the 
irradiation optical axis L1 (detection optical axis 12) are 
uniform (uniform in a predetermined range). If there is 
a bias, the irradiation optical axis L1 is moved in the di- 
rection in which the bias is overcome on the basis of the 
position of the area specified as one where the pupil is 
present. As a result, the pupil can be made close to the 
irradiation optical axis L1 , so that it is possible to detect 
the substantially entire portion of the pupil (pupillary 
zone). 

[0028] It should be noted that, as for the detection of 
the pupil on the basis of the aforementioned relative 
density information, the division of the two-dimensional 
image from the camera 25 into areas may be division 
into four areas centering on the irradiation optical axis 
L1 of (detection optical axis L2) for the sake of simplicity. 
[0029] If the substantially entire portion of the pupil 
(pupillary zone) has been detected, the position of the 
pupillary center is detected next. As shown in Figs. 6 
and 7, since the quantity of light differs in the eye de- 
pending on the pupil, the iris, and the sclera, so that it 
is possible to detect the coordinates of the position of 
the pupillary edge from information on the distribution of 
the quantity of light. Then, from the coordinates of the 
position of the pupillary edge, it is possible to obtain the 
coordinates of the position of its center, i.e., the position 
of the pupillary center. It should be noted that since the 
detection of the position of the eyeball is described in 
USP 6,159,202, reference should be made thereto. 

[Detection of Ocular Movement (Eyeball Movement)] 

[0030] Next, a description will be given of a method of 
detecting ocular movement. It should be noted that a 
description will be given herein of only the detection of 
the ocular movement in the horizontal direction. The po- 
tential difference (see Fig. 8A) due to the change in eye 
position in the horizontal direction, detected by the elec- 
trodes 55a and 55b, is fetched and amplified by the 
measuring device 57a, and is subjected to differentia- 
tion processing (see Fig. 8B) by the processing circuit 
in the measuring device 57a to detect high-speed ocular 
movement. It should be noted that the potential differ- 
ence is set to 0 when the eye E is fixed on the fixation 
lamp 20 in a state in which alignment is obtained be- 
tween the position of the pupillary center and the refer- 
ence position (which will be described later) such as the 
irradiation optical axis L1 . Further, the processing circuit 
in the measuring device 57a chronologically effects 



summing processing with respect to the potential differ- 
ences subjected to differentiation processing, and de- 
termines whether the sum has reached a level higher 
(on the plus side) than a predetermined threshold fTh 
5 in the drawing) or a level lower (on the minus side) than 
the same (see Fig. 8C). If the sum has reached a higher 
level (the plus side) or a lower level (the minus side) 
relative to the predetermined threshold, a signal to that 
effect is sent to the arithmetic control unit 30, and the 
10 arithmetic control unit 30 discontinues the laser irradia- 
tion on the basis of the signal thus sent (see Fig. 8D). 
[0031] It should be noted that the threshold is set to a 
value which is at a level higher (on the plus side) or a 
level lower (on the minus side) than the potential differ- 
15 ence at a time when the position of the pupillary center 
has moved out of the predetermined first allowable 
range from the reference position (a range which does 
not require automatic tracking, for example, a range of 
a radius 0.005 mm from the reference position), and 
which is at a level lower (on the plus side) or a level 
higher (on the minus side) than the potential difference 
at a time when the position of the pupillary center has 
moved out of the predetermined second allowable 
range, such as the imaging range of the camera 25, the 
movable range of the irradiation optical axis L1 , and a 
range largely offset from the reference position (for ex- 
ample, a range of a radius 1 mm from the reference 
position) . Preferably, the threshold is set at a value of 
the potential difference at a point where misalignment 
can produce an effect on the result of ablation. Such a 
threshold may be determined by the main unit 90 of the 
computer 9 on the basis of the data on the eye E and 
may be transferred to the arithmetic control unit 30, 
which in turn sends the threshold to the processing cir- 
cuits in the measuring devices 57a and 57b so as to be 
set. In this embodiment, this threshold is set to a poten- 
tial difference at a point located at a radius of 0.5 mm 
from the reference position (A range defined by this 
threshold will be referred to as a third allowable range). 
[0032] It should be noted that the aforementioned dif- 
ferentiation processing, summing processing, and the 
like may be effected not by the processing circuits in the 
measuring devices 57a and 57b but by the arithmetic 
control unit 30. 

[Operation of the Apparatus] 

[0033] In the apparatus having the above-described 
construction, a description will be given of its operation 
with reference to the flowchart shown in Fig. 9. 
[0034] When the power supply of the apparatus is 
turned on, and the system is started, a menu screen is 
displayed on the monitor 91 of the computer 9. The cor- 
neal surgery using an excimer laser beam includes sur- 
gical modes of photorefractive keratectomy (PRK) and 
phototherapeutic keratectomy (PTK), but in this case 
PRK is selected on the menu screen. The operator in- 
puts various data such as values of the refractive power 
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examined beforehand, surgical conditions, and the like 
through the keyboard 92 of the computer 9. The main 
unit 90 of the computer 9 calculates surgical data such 
as the amount of corneal ablation and the like on the 
basis of the inputted data. The calculated surgical data 
is transferred to the arithmetic control unit 30 by the op- 
eration of the keyboard 92 and the mouse 93. 
[0035] Upon completion of the preparation of inputs, 
the operator makes the patient lie down on the bed 10, 
and places the distal end portion 5 provided with the la- 
ser irradiation port above the eye E. Then, the operator 
turns on the respective light sources, and causes the 
eye E to gaze at the fixation lamp 20. 
[0036] The operator observes the anterior portion of 
the eye E illuminated by the illuminating unit 4 using the 
microscope unit 3, effects alignment in the X- and Y-di- 
rections by operating the joystick 7 so that the unillus- 
trated reticle and the pupil have a predetermined rela- 
tionship, and effects alignment in the Z-axis direction by 
operating a focus adjusting switch 60. When signals 
based on the joystick 7 and the switch 60 are inputted 
to the arithmetic control unit 30, the arithmetic control 
unit 30 operates (drives) the respective arm driving de- 
vices 31 , 32, and 33 to move the arm portion 2 in the X- 
and Y-directions and to move the distal end portion in 
the Z-d inaction. 

[0037] At the time of alignment, if an automatic align- 
ment switch 61 on the controller 6 is set to ON, an au- 
tomatic alignment mechanism is activated. If the eye E 
is located within a range in which the pupillary zone and 
the position of the pupillary center can be detected in 
the eyeball-position detecting optical system, the appa- 
ratus drives the arm driving devices 31 and 32 to move 
the arm portion 2 in the X- and Y-directions so that the 
position of the pupillary center and the irradiation optical 
axis L1 are aligned with each other. 
[0038] Further, in a case where laser irradiation is ef- 
fected with the pupillary center and the irradiation optical 
axis L1 aligned with each other, if a Ready switch 62 on 
thecontroller 6 issetto ON, an automatic tracking mech- 
anism is activated. In this case, a predetermined posi- 
tion on the imaging device of the camera 25 (the position 
of the irradiation optical axis L1 if the automatic align- 
ment is effected) is stored as a reference position, and 
the tracking of the irradiation optical axis L1 is effected 
so that the position of the pupillary center is aligned with 
the reference position (the arm portion 2 is moved in the 
X- and Y-directions). 

[0039] The position of the pupillary center obtained by 
processing the signals from the camera 25 is compared 
with the reference position, as necessary. Then, when 
the eye E moves in such a way that the position of the 
pupillary center moves out of the predetermined first al- 
lowable range with respect to the reference position (for 
example, out of a radius 0.005 mm from the reference 
position), the arithmetic control unit 30 issues a tracking 
signal on the basis of the comparison information, and 
thereby drives the arm driving devices 31 and 32 to 



move the arm portion 2 in the X- and Y-directions so that 
the position of the pupillary center comes to be located 
within the first allowable range with respect to the refer- 
ence position. 

5 [0040] Further, when the eye E moves in such a way 
that the position of the pupillary center moves out of the 
predetermined third allowable range with respect to the 
reference position (for example, out of a radius 0.5 mm 
from the reference position), since the movement of the 

10 eyeball by more than a predetermined level is detected 
through the electrodes 55a to 55d and the measuring 
devices 57a and 57b, the arithmetic control unit 30 ac- 
tuates the shutter device 38 to discontinue the laser ir- 
radiation. At this time, if the position of the pupillary cent- 
's er is within the predetermined second allowable range 
with respect to the reference position (for example, with- 
in a radius 1 mm from the reference position), the arith- 
metic control unit 30 issues a tracking signal on the basis 
of the comparison information obtained by the camera 

20 25, and drives the arm driving devices 31 and 32 to 
move the arm portion 2 in the X- and Y-directions so that 
the position of the pupillary center comes to be located 
within the first allowable range with respect to the refer- 
ence position. If the position of the pupillary center is 

25 located outside the predetermined second allowable 
range with respect to the reference position, the position 
of the pupillary center is made to fall at least within the 
second allowable range by manual alignment. Conse- 
quently, the arithmetic control unit 30 causes the posi- 

30 tion of the pupillary center to fall within the first allowable 
range with respect to the reference position using the 
automatic tracking mechanism. 
[0041] When the position of the pupillary center has 
come to be located within the first allowable range with 

35 respect to the reference position using the automatic 
tracking mechanism, the shutter device 38 is actuated 
again to obtain a state for permitting the laser irradiation. 
Subsequently, if the operator steps on the foot switch 8, 
the arithmetic control unit 30 resumes the laser irradia- 

40 tion (see Fig. BD). The laser beam is applied to the eye 
E through the irradiating optical system, and the cornea 
Ec is ablated on the basis of the calculated surgical data. 
[0042] In a case where the automatic alignment is not 
used, and automatic tracking is effected in which the po- 

45 sition of the irradiation optical axis L1 determined by the 
manual alignment by the joystick 7 is set as a reference, 
the irradiation optical axis L1 is positioned at the target 
position of the eye E by manual alignment. If the switch 
62 is turned on upon completion of the alignment, the 

so position of the pupillary center of the eye E at that time 
is stored as the reference position (i.e., the reference 
position in this case differs from the irradiation optical 
axis L1). Then, automatic tracking can be earned out in 
the same way as in the case of automatic alignment. 

55 [0043] It should be noted that the invention is not lim- 
ited to the above-described embodiment, and various 
modifications are possible. For example, the invention 
is also applicable to ophthalmic apparatuses (a laser 
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beam coagulation apparatus etc.) other than the afore- 
mentioned corneal surgery apparatus, and can be im- 
plemented Irrespective of the configurations of their la- 
ser irradiating optical systems. In addition, it goes with- 
out saying that the invention is applicable to apparatus- 
es which are not provided with the automatic alignment 
mechanism and the automatic tracking mechanism. 
[0044] In addition, although in the above-described 
embodiment the result of detection of the ocular move- 
ment is used only for the discontinuance of the laser ir- 
radiation, this result may be utilized in the automatic 
tracking. The arithmetic control unit 30 estimates the di- 
rection of movement (rotation) and the amount of move- 
ment (rotation) of the eyeball on the basis of the potential 
difference due to the change of the horizontal position 
of the eye detected by the electrodes 55a and 55b and 
the potential difference due to the change of the vertical 
position of the eye detected by the electrodes 55c and 
55d. Then, the arithmetic control unit 30 issues a track- 
ing signal on the basis of the estimation to move the ir- 
radiation optical axis L1 in advance. Consequently, 
tracking can be effected efficiently on the basis of infor- 
mation on the subsequent comparison between the po- 
sition of the pupillary center based on the camera 25 
and the reference position. 

[0045] In addition, although in the above-described 
embodiment the irradiation optical axis L1 and the de- 
tection optical axis L2 are made coincident with each 
other, these axes need not be coincident with each other 
if they have a predetermined positional relationship. It 
should be noted that, in this case, the realtive position 
of the irradiation optical axis L1 with respect to the de- 
tection optical axis 12 is stored in advance. 
[0046] In addition, although in the above-described 
embodiment electrodes and measuring devices for mo- 
nocular use are prepared for the detection of the ocular 
movement, electrodes and measuring devices for bin- 
ocular use may be prepared. In this case, it suffices if 
the apparatus is provided with an input selection device 
and a switch for enabling selection between the right eye 
ocular movement detection and the left eye ocular 
movement detection. Of course, in this case, a modifi- 
cation may be made in which the number of connectors 
is increased to eight, for example. 
[0047] In addition, although in the above-described 
embodiment control of laser irradiation is effected by the 
shutter device 38, emission from the laser light source 
"11 may be controlled. 

[0048] As described above, in accordance with the in- 
vention, alignment between the irradiation optical axis 
of the laser irradiating optical system and the patient's 
eye can be made appropriate, thereby making it possi- 
ble to perform accurate treatment. 



Claims 

1. An ophthalmic surgery apparatus by which treat- 



ment laser beam is irradiated onto a desired portion . 
of a patient's eye and for treatment of the portion, 
the apparatus comprising: 

5 laser irradiating means having a laser beam 

source for emitting the treatment laser beam, 
and an irradiating optical system for optically 
guiding the treatment laser beam emitted from 
the laser beam source onto the portion; 

10 ocular movement detecting means for detect- 

ing a potential difference between a cornea and 
a retina, and detecting an ocular movement of 
the patient's eye based on the detected poten- 
tial difference; and 

15 irradiation controlling means for controlling the 

irradiating means based on a result of detection 
by the detecting means. 

2. The apparatus of claim 1 , wherein the detecting 
20 means includes a plurality of electrodes to be at- 
tached to a periphery around the patient's eye. 

3. The apparatus of claim 2, wherein the electrodes 
includes a pair of electrodes to be attached to the 

25 periphery around the patients eye and located in at 
least one of vertical and horizontal directions. 

4. The apparatus of claim 1 , wherein irradiation con- 
trolling means controls the irradiating means so that 

30 the laser irradiation is discontinued if the detecting 
means detects a potential difference not smaller 
than or not larger than a predetermined threshold 
value. 

35 5. The apparatus of claim 1 , further comprising: 

setting means for variably setting the thresh- 
old value based on inputted data of the patient's 
eye. 

40 6. The apparatus of claim 1 , further comprising: 

moving means for relatively moving an irradia- 
tion optical axis of the irradiating optical sys- 
tem with respect to the patient's eye; and 
45 movement controlling means for controlling the 

moving means based on a result of detection 
by the detecting means. 

7. The apparatus of claim 6, further comprising: 

50 

signal generating means for generating a track- 
ing signal for tracking the movement of the pa- 
tient's eye if the detection means detects a po- 
tential difference not smaller than or not larger 
55 than a predetermined threshold value, and 

wherein the movement controlling means con- 
trols the moving means based on the tracking 
signal. 
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8. The apparatus of claim 1 , wherein: 

the apparatus includes a corneal surgery appa- 
ratus; and 

the laser beam source emits excimer laser s 
beam as the treatment laser. 

9. An ophthalmic surgery apparatus by which treat- 
ment laser beam is irradiated onto a desired portion 

of a patient's eye and for treatment of the portion, to 
the apparatus comprising: 

laser irradiating means having a laser beam 
source for emitting the treatment laser beam, 
and an irradiating optical system for optically ts 
guiding the treatment laser beam emitted from 
the laser beam source onto the portion; 
ocular movement detecting means for detect- 
ing a potential difference between a cornea and 
a retina, and detecting an ocular movement of 20 
the patient's eye based on the detected poten- 
tial difference; 

moving means for relatively moving an irradia- 
tion optical axis of the irradiating optical system 
with respect to the patient' s eye; and 25 
movement controlling means for controlling the 
moving means based on a result of detection 
by the detecting means. 

10. The apparatus of claim 9, further comprising: 30 

signal generating means for generating a track- 
ing signal for tracking the movement of the pa- 
tient's eye if the detection means detects a po- 
tential difference not smaller than or not larger 35 
than a predetermined threshold value, and 
wherein the movement control I ingmeans con- 
trols the moving means based on the tracking 
signal. 
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